Regulation of vascular endothelial growth factor gene expression in murine macrophages by nitric oxide and hypoxia.
Vascular endothelial growth factor (VEGF) expression in murine peritoneal macrophages is strongly upregulated by hypoxia via transcriptional and posttranscriptional mechanisms. Interferon-gamma (IFN-gamma) with Escherichia coli lipopolysaccharide (LPS) also upregulates expression of VEGF, as well as of the inducible nitric oxide synthase (iNOS). Hypoxia (1% O(2)) upregulates VEGF expression in macrophages from both wild-type and iNOS knockout mice, indicating that hypoxic upregulation of VEGF is independent of iNOS. However, the iNOS inhibitor aminoguanidine (AG) decreases the VEGF expression induced by LPS/IFN-gamma, indicating an important role for NO. NO-dependent induction of VEGF is strongly dependent on cell density. LPS/IFN-gamma treatment induces minimal VEGF protein expression in macrophages cultured at low cell densities (<0.25 x 10(6) cells/cm(2)); at higher cell densities (>0.25 x 10(6) cells/cm(2)) that lead to conditions of pericellular hypoxia, however, induction of VEGF expression was strong. Transient transfection of RAW 264.7 cells with luciferase reporter constructs of the murine VEGF promoter indicates that both hypoxia and LPS/IFN-gamma independently induce VEGF promoter activity, irrespective of cell density. Although LPS/IFN-gamma treatment induces transcriptional activation of the VEGF promoter, significant levels of VEGF protein are only expressed by cells at high density under conditions of pericellular hypoxia. This suggests an important regulatory role for hypoxia at the posttranscriptional level. Deletion analysis of the VEGF promoter shows that the hypoxia response element region and its immediate flanking sequences are essential for both hypoxia and LPS/IFN-gamma-induced VEGF promoter activation.